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(54) Optical adapter including a ferrule assembly 

(57) An optical adapter [100] includes a pair of cy- 
lindrical ferrules [121, 122], each containing an optical 
fiber disposed along its central axis [101-101]. The fer- 
rules are aligned with their central axes being collinear. 
Moreover, the ferrules are captured within a plastic 
housing that comprises a plug member [1 1 0] and a jack 
member [140]. These members interlock with each oth- 
er to form an adapter that can be used, for example, for 
attenuating an optical signal or for interconnecting two 
ferrules having different diameters. Preferably, the fer- 
rules are identical to each other. Each ferrule includes 
an optical fiber that is disposed in a bore, which extends 
along the central axis of the ferrule between its opposite 
ends, and each ferrule has an end face [1 26] that is an- 



gled at about 82 degrees with respect to the central axis. 
In one embodiment, the angled end faces of the ferrules 
are in direct contact with each other and attenuation is 
determined by the optical path length between the cent- 
ers of the angled end faces ; which is a function of the 
axial rotation of the ferrules with respect to each other. 
In another embodiment, the angled end faces of the fer- 
rules are in contact with opposite sides of a spacer [1 70] 
so that attenuation is a function of the spacer's thickness 
and the axial rotation of the ferrules with respect to each 
other. Such a design enables precision optical attenua- 
tors to be fabricated. Wavelength division multiplexing 
systems are improved by the use of such precision op- 
tical attenuators at the inputs of the multiplexer [200] 
and/or the outputs of the demultiplexer [500]. 
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Description 
Technical Field 

[0001] This invention relates to optical fiber connect- 
ing apparatus and, more particularly, to an adapter for 
interconnection between an optical plug connector and 
an optical jack connector. 

Background of the Invention 

[0002] Fiber-optic telecommunication networks are 
constantly being upgraded to carry more and more 
channels over a single optical fiber. And while fiber man- 
ufacturers may not applaud this trend because it de- 
creases the demand for optical fiber, it clearly signals 
the direction of this industry. Indeed, Lucent Technolo- 
gies Inc. recently announced an optical system having 
over 1 00 channels, each transmitting 1 0 gigabits of data 
at a different wavelength, over a distance of nearly 250 
miles (400 km) using its TrueWave® fiber. This repre- 
sented the world's first long-distance, error-free trans- 
mission of a terabit (1 trillion bits) of information per sec- 
ond over a single strand of optical fiber. Associated with 
such multi-channel optical systems are wavelength di- 
vision multiplexers (WDM), which operate to combine 
an number of separate and distinct wavelength regions 
(channels) onto a single optical fiber in one direction of 
transmission, and to separate them from the optical fiber 
in the other. This is to say that the WDM operates as 
multiplexer in one direction of transmission, and as a 
demultiplexer in the other. These channels each have a 
different central wavelength (i.e., X v X 2 "' ^n) and ' for 
optimum performance of the WDMs and associated 
transmitters and receivers, it is important that the optical 
signal power of each channel be precisely controlled, 
and preferably equal to all others. 
[0003] It is desirable to have a common structure, 
which can be installed in individual ports of an optical 
multiplexer and/or an optical demultiplexer, and used to 
control the power level of optical signals. At one end, 
this structure would be shaped to fit into a jack connector 
as though it were a standard optical plug connector. At 
the other end, this structure would be shaped to receive 
a standard optical plug connector. Accordingly, whenev- 
er it is desirable to add attenuation (i.e., insertion loss), 
for example, to an optical path, this structure is inter- 
posed between a standard optical plug connector and 
a standard optical jack connector. Such a structure is 
referred to as an "optical adapter" herein. 
[0004] Optical adapters exist that include attenuators, 
but they are somewhat expensive because they have 
an abundance of parts, many of them machined, and 
these parts must be manually assembled. Such adapt- 
ers are presently available for use in connection with FC, 
SC and ST optical connectors. However, these adapters 
were developed when competitive cost pressures were 
minimal and customers would gladly pay any price to 



have them, which is no longer the situation. 
[0005] A new optical connector, designated "LC," has 
been developed with a ferrule having a diameter that is 
only 1 .25 mm, which is half the diameter of the above- 
5 mentioned FC, SC and ST connectors. More important- 
ly, the LC connector uses a cantilever latch during inter- 
connection with a mating connector in a manner similar 
to the modular plugs and jacks used in conventional tel- 
ephone equipment. At the present time, there are no 
suitable adapters for use with LC connectors. 
[0006] In addition to providing the attenuation func- 
tion, the same adapter structure should accommodate 
other functions such as interconnecting ferrules of dif- 
ferent sizes or interconnecting connectors of different 
styles. 

[0007] Accordingly, what is desired is an optical 
adapter that can be used in various applications and to 
have a small number of parts so that it can be assembled 
with relative ease. Further, it is desirable for the adapter 
to work with LC-type connectors. 

Summary of the Invention 

[0008] An optical adapter for interconnection between 
a plug connector and a jack connector includes a ferrule 
assembly and a housing. At its simplest, the ferrule as- 
sembly comprises a cylindrical ferrule having an optical 
fiber that extends between the front and back ends of 
the ferrule along its central axis. The housing merely 
comprises a plug member and a jack member, prefera- 
bly molded from thermoplastic material, that interlock 
with each other and enclose the ferrule assembly. The 
jack member includes a cavity for receiving the plug con- 
nector while the plug member includes a cantilever latch 
and is designed to fit into the jack connector. 
[0009] In an illustrative embodiment of the invention, 
the ferrule assembly is movable in the axial direction 
within the interlocked plug and jack members so that a 
spring-loaded ferrule, in a series connection of ferrules, 
will be able to close any unwanted air gaps between fer- 
rules. Also in the illustrative embodiment, a portion of 
the ferrule assembly is surrounded by a barrel structure 
that is shaped to fit within the housing in only a limited 
number of stable axial rotations for tuning fiber eccen- 
tricity {i.e., situations wherein the optical fiber does not 
reside precisely on the central axis of the ferrule, and 
the ferrule assembly is rotated so that the fiber is always 
between the centroid of the ferrule and a reference po- 
sition on the housing). 

Brief Description of the Drawing 

[001 0] The invention and its mode of operation will be 
more clearly understood from the following detailed de- 
scription when read with the appended drawing in 
which: 

FIG. 1 is a perspective view of an interconnection 
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system for optical fibers, the system includes an op- 
tical adapter having an attenuator housed therein; 
FIG. 2 shows an exploded perspective view of the 
optical adapter of FIG. 1 as seen from its back end; 
FIG. 3 shows an exploded perspective view of the 
optical adapter of FIG. 1 as seen from its front end; 
FIG. 4 shows a cross-section view of the intercon- 
nection between an optical connector and the opti- 
cal adapter; 

FIG. 5 shows a cross-section view of a ferrule as- 
sembly having an air-gap attenuator in accordance 
with the present invention; 

FIG. 6 discloses a cross-section view of one of the 
ferrules of the assembly shown in FIG. 5, illustrating 
selected details of its construction; 
FIGS. 7A-7C show various rotational orientations of 
a pair of ferrules used in constructing the air-gap 
attenuator of the present invention; 
FIG. 8 discloses a ring-shaped spacer that is used 
in some embodiments of the air-gap attenuator; 
FIG. 9 shows the insertion loss characteristic of the 
air-gap attenuator of the present invention for dif- 
ferent relative rotations between the ferrules, and 
for different spacer thickness; and 
FIG. 10 discloses an optical wavelength-division- 
multiplexing (WDM) communication system using 
the air-gap attenuators of the present invention. 

Detailed Description 

[0011] FIG. 1 is a perspective view of an optical com- 
munication system, illustrating various components 
used for interconnecting a pair of optical fibers 61 and 
31. Optical plug connector 600 includes a ferrule 640 
that terminates an end portion of optical fiber 61 . Illus- 
tratively, ferrule 640 can be floating or immovably held 
within the plug connector 600. An example of an immov- 
ably held ferrule is disclosed in U.S. Patent 5,719,977. 
Plug connector 300 also includes a ferrule 340 that ter- 
minates an end portion of optical fiber 31 . Illustratively 
ferrule 340 is movably held within plug connector 300, 
which is disclosed in greater detail in U.S. Patent 
5,638,474. These plug connectors 300, 600 are adapted 
to be inserted into a jack connector 400 so that an end- 
to-end connection between optical fibers 61, 31 can be 
made. The design of jack connector 400 is disclosed in 
greater detail in U.S. Patent 5,647,043. Each of the plug 
connectors 300, 600 includes a latch 320, 620 that is 
designed to cooperate with retaining ledges (not shown) 
within the cavities on opposite sides of jack connector 
400 so that it can be securely held therein. Plug connec- 
tor 300 includes a trigger 330, which provides an anti- 
snag feature and also renders latch 320 more accessi- 
ble to users, particularly in a small connector. Addition- 
ally, plug connector 300 includes a spring 360 (see FIG. 
4), which imparts a predetermined force (about 0.5 kgf) 
in the axial direction onto ferrule 340 so that it will press 
against ferrule 640 without an air gap. Air gaps are 



known to cause signal reflections and attenuation in an 
optical path. And while the present invention uses an air 
gap to achieve precise attenuation, unintended air gaps 
are to be avoided. 
5 [0012] Nevertheless, in order to simplify the design of 
optical processing apparatus such as multiplexers and 
receivers, it is sometimes desirable to introduce atten- 
uation into an optical signal path so that the processing 
apparatus will be processing optical signals at the most 
10 appropriate power level. Accordingly, FIG. 1 also shows 
an optical adapter 1 00 that is designed to provide a pre- 
cise attenuation level. Advantageously, the adapter can 
be plugged into cavity 41 5 - which accommodates plug 
connector 300 ; orthe adapter can be plugged into cavity 
15 416 - which accommodates plug connector 600. Opti- 
cal adapter 100 includes a latch 112 that cooperates 
with a retaining ledge (not shown) within cavities 415, 
41 6 of jack connector 400 so that it can be securely held 
therein. The optical adapter further includes a cavity 1 45 
20 for receiving plug connectors 300 ; 600. 

Adapter Construction 

[0013] FIGS. 2-4 disclose the design of an optical 

25 adapter 1 00 that is suitable for containing various differ- 
ent ferrule assemblies, which can facilitate the construc- 
tion of an optical transmission system. For example, one 
ferrule assembly 120 can provide a specific amount of 
attenuation of a lightwave signal, as discussed herein, 

30 so that optical multiplexing and demultiplexing opera- 
tions can be carried out with great precision. Another 
ferrule assembly (not shown) can be used to intercon- 
nect optical connectors having different-size ferrules. 
These and other possibilities are enabled by the dis- 

35 closed design. 

[0014] Reference is specifically made to FIGS. 2, 3 
that show exploded perspective views of optical adapter 
100 as seen from its back and front ends respectively. 
The adapter 100 includes a ferrule assembly 120, which 

40 is captured within a housing that comprises a plug mem- 
ber 1 1 0 and a jack member 1 40. These members inter- 
lock with each other to form a single unit. Interlocking is 
accomplished when a pair of tabs 146 on jack member 
1 40 are mated with a pair of slots 1 1 3 on plug member 

45 no. The tabs 1 46 are positioned on opposite sides of a 
tubular protrusion 141 at the front end of jack member 
1 40; and the slots 1 1 3 are positioned on opposite sides 
of a tubular opening 1 1 5 in the back end of plug member 
1 1 0. Preferably, the plug member and the jack member 

50 are molded from a thermoplastic material such as poly- 
etherimide (PEI); however, since the jack member has 
no moving parts, it could easily be made from zinc by 
die casting. 

[0015] The top-side surface of plug member 110 in- 
55 eludes a movable latch 112 having a pair of shoulders 
116 that cooperate with mating surfaces on an associ- 
ated jack connector in order to prevent unintended de- 
coupling between the plug member and the associated 
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jack connector. Latch 112 is molded into the plug mem- 
ber 110 and includes a "living" hinge that allows it to be 
moved up and down in a direction which is perpendicular 
to a central axis 101 of the adapter 100. In this illustrative 
embodiment, the plug member 1 1 0 has a cross-section 
dimension of 4.6 by 4.6 millimeters (mm). 
[0016] In a preferred embodiment of the invention, fer- 
rule assembly 120 includes a pair of cylindrical ferrules 
121 , 122 that are made from zirconia and held together 
as a single unit by a coupling apparatus that comprises 
a barrel 150 and an alignment sleeve 155. Each ferrule 
includes an optical fiber disposed within a bore that is 
located on its central axis. The coupling apparatus is 
used for maintaining the central axes of these ferrules 
121, 122 collinear, and for locking them together in a 
fixed axial rotation with respect to each other, and with 
an air gap therebetween. Preferably, the barrel 150 is 
made from stainless steel or nickel-plated brass and has 
a hexagonal cross section. The hexagonal cross section 
is a feature that cooperates with the interior shape of the 
adapter to enable the ferrules to be positioned in any 
one of six different stable rotational positions. Accord- 
ingly ; fiber eccentricity can be tuned to minimize cou- 
pling loss (e.g., ferule assembly 120 can be rotated to 
position the optical fiber within ferrule 121 toward the 
top side of the adapter 1 00 when the fiber is not located 
precisely at the geometric center of ferrule 1 21 ). It is un- 
derstood that a greater or lesser number of features can 
be used to change the number of stable rotational posi- 
tions, and that other features such as grooves may be 
used to achieve the same end. 

[0017] In the preferred embodiment, the ferrules 121, 
122 are identical to each other and have a diameter of 
1.25 mm. However, in situations where it is desirable to 
interconnect an ST connector to an LC connector, for 
example, one of the ferrules (e.g., 121) would have a 
1.25 mm diameter while the other (e.g., 122) would have 
a 2.50 mm diameter. Indeed, a single ferrule could be 
fabricated having a common axial bore, but with differ- 
ent outside diameters at its opposite ends to accommo- 
date the interconnection of different-size ferrules. 
[0018] So that an LC-type plug connector 300 (see 
FIG. 1 ) might readily fit into the jack member 1 40, a suit- 
ably shaped cavity 145 is provided. Moreover, a pair of 
retaining ledges 144 (see FIG. 2) are provided within 
cavity 145 for interlocking with a latch 320 on plug con- 
nector 300. The molding of retaining ledges 144 is facil- 
itated by openings 143 on opposite sides of jack mem- 
ber 140. It is noted that the top-side surface 147 of the 
jack member 140 is illustratively used for inscribing an 
indication of the amount of attenuation provided by the 
ferrule assembly 1 20 contained within the optical adapt- 
er 100. 

[0019] Finally, the adapter 100 includes a sleeve 130, 
which facilitates end-to-end connection between ferrule 
1 22 of the ferrule assembly 1 20, and ferrule 340 of the 
plug connector 300 (see FIG. 1). The sleeve 130 pref- 
erably includes a slit 134, which allows its diameter to 



vary somewhat in order to accommodate minor differ- 
ences in ferrule diameters. 

[0020] FIG. 4 shows a cross-section view of the inter- 
connection between the plug connector 300 and the op- 

5 tical adapter 100 in order to illustrate the cooperation 
between the various components. These components 
are shown positioned as though an opposing ferrule 
were pressing against the front end of ferrule 121 , and 
equilibrium was achieved at optical plane 401. In this 

io situation, optical plane 402 is where equilibrium is 
achieved between ferrule 122 and ferrule 340. 
[0021] Plug connector 300 includes molded plastic 
housing comprising front-end 301 and back end portion 
302 that interlock with each other and surround a fiber 

15 holding structure, which comprises a base member 350 
that is overmolded onto ferrule 340. 
A helical spring 360 surrounds the back end of the base 
member and urges it forward (i.e., toward the front end 
of the connector) with a predetermined force. As dis- 

20 cussed in connection with FIG. 1 , the connector includes 
a trigger 330 that cooperates with a latch 320 during the 
installation (removal) of the plug connector 300 into (out 
of) an associated jack connector. It is noted that an op- 
tical fiber extends along the central axis of this entire 

25 assembly except for the air-gap region 1 60 within adapt- 
er 100. 

[0022] Adapter 1 00 includes a molded plastic housing 
comprising plug member 110, which includes a latch 
1 1 2, and jack member 1 40 that interlock with each other 

30 and surround a ferrule assembly, which comprises a pair 
of ferrules 121, 1 22 that are surrounded by coupling ap- 
paratus 150, 155. Note that the ferrule assembly 120 is 
capable of longitudinal movement in a cavity formed 
within housing 110, 1 40 as illustrated by gap 1 1 8. A gap 

35 1 1 8 is needed, for example, so that the ferrule assembly 
is capable of axial movement and transferring force from 
a plug connector, which has a spring loaded ferrule, to 
a plug connector that has an immovable ferrule. A gap 
size of about 1 mm is suitable. 

40 

Optical Attenuator 

[0023] Reference is made to FIG. 5 and FIG. 6, which 
show details regarding the construction of an optical at- 
45 tenuator that includes an air-gap region 160. In particu- 
lar, the attenuator is constructed using a pair of ferrules 
121, 122 that are preferably, but not necessarily, identi- 
cal to each other and molded from zirconia. Each ferrule 
includes an optical fiber that is disposed within a cylin- 
50 drical bore 125 that extends between opposite end fac- 
es 1 24, 1 26 of the ferrule. These ferrules are positioned 
end-to-end with their central axes collinear so that light- 
waves that are traveling along the optical fiber that re- 
sides on the central axis of one ferrule 121 will be di- 
55 rected toward the optical fiber that resides on the central 
axis of the other ferrule 122. Angled end face 126 may 
be slightly convex having a radius of between 8 and 12 
mm. Because such a radius is large in comparison with 
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the diameter of the end face (about 1 .25 mm), end face 
126 still has a generally flat surface. A ferrule having an 
end face with such a radius is called a PC (Physical Con- 
tact) ferrule. If the end face is angled as well as rounded, 
then it is called an APC (Angled Physical Contact) fer- 
rule. More importantly, end face 1 26 forms an acute an- 
gle with respect to its central axis 101-101 and this has 
several consequences: 

(1) the fact that the end faces of both ferrules are 
angled allows them to be placed in contact with 
each other for precise and stable control over the 
optical path length between the centers of the an- 
gled end faces by merely rotating one of the ferrules 
with respect to the other; 

(2) an angled end face reduces the amount of power 
that traverses the air gap along the central axis be- 
cause light rays emerge at the glass/air boundary 
at an angle described by Snell's law (n-, sin = n 2 
sin $2). I llustratively, for an air-gap length of 0.5 mm, 
an end face having an 82° angle decreases the 
amount of power that traverses the air gap along 
the central axis by about 7 dB as compared to an 
end face having a 90° angle; and 

(3) an angled end face also reduces the amount of 
power that is reflected back toward the source of 
power. 

Signal reflections present a serious problem in high ca- 
pacity optical fiber systems because reflected power 
can interfere with the proper operation of lasers. In the 
present invention, because the optical fiber is made 
from glass and because attenuation is accomplished 
through the use of an air-gap region 160, one would ex- 
pect a reflection to occur. Reflectance is a function of 
the index of refraction (n) of the materials at the interface 
as set forth in the following equation: 

2 2 

Reflectance = -10 log [(n 0 -fi 7 ) /(n 0 -/-n r ) ] 

For example, in a glass-to-air interface (n 0 ~ 1 .0 for air, 
and n 1 ~ 1.47 for glass) the reflectance is -14.7 dB, 
which is much too high. However, by directing the re- 
flected optical power away from the central axis of the 
glass fiber, the amount of power reflected toward the 
source is sharply reduced. It has been found that acute 
angles between 79 and 85 degrees (preferably 82 de- 
grees where reflectance is about -60 dB) with respect 
to the central axis 1 01-101 provide suitable reduction in 
reflected signal power. It is noted that the overall reflec- 
tion includes one that occurs when lightwaves emerge 
from the angled end face of one ferrule where the re- 
fractive index changes from about 1 .47 to about 1 .0. As 
discussed above, this is about -60 dB; although other 
downstream reflections may be more significant. 
[0024] As discussed above and shown in FIG. 5, fer- 
rules 121, 122 are substantially identical to each other, 



and are positioned with their angled end faces 126 fac- 
ing each other with an air-gap region 1 60 between them. 
In the present invention, the air separation between the 
angled end faces 1 26 is zero at one point. At the center 
5 of the air-gap region 160, the optical path length be- 
tween the centers of the angled end faces 126 is con- 
trolled by the relative rotation of the ferrules 121, 122 
with respect to each other, and by the th ickness of a ring- 
shaped spacer 1 70 that resides within the air-gap region 
160 in certain embodiments. 

[0025] In one embodiment, the angled end faces 126 
of the ferrules are in direct contact with each other. Such 
contact improves the stability of the attenuator because 
it prevents the optical path length between the centers 
of the angled end faces 1 26 from ever becoming smaller 
as a result of handling or vibrations during actual use. 
In this embodiment, this optical path length is only a 
function of the axial rotation of the ferrules with respect 
to each other. See, for example the lowest curve in FIG. 
9 where insertion loss varies from zero to about 7 dB as 
the relative rotation varies from zero to 1 80°. The graphs 
of FIG. 9 are for APC end faces (10-12 mm radius); how- 
ever, for absolutely flat end faces 1 26, the insertion loss- 
es will be greater. 

[0026] In another embodiment, the spacer 170 is in- 
serted in the air-gap region 1 60 between the angled end 
faces of the ferrules 121, 122 to increase the length of 
the air-gap region 160 by a discrete amount. Here, the 
angled end faces 1 26 of the f erru les 121, 1 22 are in con- 
tact with opposite sides of the same spacer 170. Such 
contact improves the precision of the attenuator as dis- 
cussed above. Although spacer 170 is preferably a ring- 
shaped flat disc, as shown in FIG. 8, it is understood 
that other shapes are contemplated so long as they in- 
clude a suitably large opening at the center for light 
transmission. Spacer 170 is preferably made from zir- 
conia or stainless steel, and has an outer diameter d 2 , 
which is approximately equal to the diameter of the 
smallest ferrule (illustratively 1 .25 mm) and an inner di- 
ameter d 1: which allows light to be transmitted across 
air-gap region 160 between ferrules 121, 122 without 
interference (illustratively 0.5 mm). In this embodiment, 
the length of air-gap region 1 60 is a function of the axial 
rotation of the ferrules with respect to each other and a 
function of the thickness of the spacer 170. See, for ex- 
ample, the top four curves of Fig. 9 where insertion loss 
of the attenuator varies from about 7 dB (when the rel- 
ative rotation is zero degrees and the spacer thickness 
is about 0.1 3 mm) to about 22 dB (when the relative ro- 
tation is 180° and the spacer thickness is about 0.50 
mm). 

[0027] Construction of ferrule assembly 120 illustra- 
tively proceeds by press fitting or bonding ferrule 121 
into the bore at one end of barrel 150 until only a prede- 
termined amount extends outward. One end of a cylin- 
drical alignment sleeve 155, preferably made from zir- 
conia, is installed onto the back end of ferrule 121. 
Thereafter, a spacer 170 is optionally inserted into the 
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cylindrical sleeve alignment for those ferrule assemblies 
where high levels of insertion loss are sought. The back 
end of ferrule 1 22 is then inserted into the other end of 
alignment sleeve 155; but care is taken not to exceed a 
limited force (about 0.5 kgf) so that the angled end faces 
126 of the ferrules 121, 122 will not be damaged. Ferrule 
122 is now rotated until a desired amount of attenuation 
is achieved, and then epoxy 180 is applied to bond it to 
the coupling apparatus 150, 155. A suitable 2-part 
epoxy is Hysol 0151 : which is commercially available 
from the Dexter Corporation. It is understood that the 
diameter of the bore through the barrel 1 50 can be sized 
to avoid the need for an alignment sleeve 1 55. Ferrules 
121, 122 preferably include a 30° chamfer 123 at their 
front ends 124, which are slightly convex (e.g., with a 
radius between 7 and 30 mm) and may be angled. 
[0028] FIGS. 7A-7C show various rotational orienta- 
tion of ferrules 121, 122 with a spacer 170 installed in 
the air-gap region 1 60 between ferrules. In FIG. 7A, the 
gap (g-,) between ferrule centers is equal to the thick- 
ness of the spacer 170 because the relative rotation is 
zero degrees and the angled end faces reside in planes 
that are parallel to each other. In FIG. 73, the ferrules 
are rotated one-quarter turn (90°) with respect to each 
other which causes the length of the gap (g 2 ) between 
ferrule centers to be increased by about 0.05 mm over 
the thickness of the spacer (assuming that the ferrules 
each have an outside diameter of about 1.25 mm). In 
FIG. 7C, the ferrules are rotated one-half turn (180°) 
with respect to each other which causes the length of 
the gap (g 3 ) between ferrule centers to be increased by 
about 0 .1 3 mm over the thickness of the spacer (assum- 
ing that the ferrules each have an outside diameter of 
about 1 .25 mm). 

WDM System 

[0029] As optical communications advance, it is in- 
creasingly desirable to transmit more information over 
a single fiber. Significant advances have been made in 
the art of combining a number (n) of individual informa- 
tion channels onto the same optical fiber, where each 
channel comprises a different wavelength region whose 
central wavelength is designated X n . FIG. 10 discloses 
an optical transmission system wherein a number of 
transmitters 10, designated T-, ... T n , supply optical sig- 
nals in each of n different channels to a multiplexer 200, 
whose job is to combine the individual optical signals on 
its input ports 211, 212 ••• and route them to its output 
port 21 , which connects to an optical fiber 30. And while 
it is generally desirable for the optical power at each in- 
put port of multiplexer 200 to be precisely equal, it may 
also be desirable forthe input channels to have different 
power levels, and optical attenuators 100 provide such 
control. 

[0030] The optical transmission system of FIG. 10 in- 
cludes a demultiplexer 500, which is linked to multiplex- 
er 200 by optical fiber 30 and, possibly, one or more op- 



tical amplifiers 40. Demultiplexer 500 separates the in- 
dividual channels that are simultaneously present on in- 
put port 51 and routes them to output ports 511, 512 ••■ 
according to wavelength. These ports are then connect- 

5 ed to receivers 70, designated R-, ••• R n , which convert 
optical signals to electrical signals. And while it is gen- 
erally desirable for the optical power at each output port 
of demultiplexer 500 to be precisely equal, it may also 
be desirable for the output channels to have different 

10 power levels, and optical attenuators 100 provide such 
control. 

[0031] Although various particular embodiments of 
the present invention have been shown and described, 
modifications are possible within the scope of the inven- 
ts tion. These modifications include, but are not limited to: 
an adapter wherein the jack member is designed to re- 
ceive an FC, SC or ST plug connector; a ferrule assem- 
bly that comprises a pair of cylindrical ferrules having 
different diameters; and the use of materials, other than 
20 those discussed herein, in the construction of the optical 
adapter. 



Claims 

25 

1. An optical adapter [100] for interconnection be- 
tween a plug connector [300] and a jack connector 
[400], said adapter including a ferrule assembly 
[120] and a housing [110, 140], wherein the ferrule 

30 assembly comprises at least one cylindrical ferrule 
[1 21 ] having an optical fiber disposed along its cen- 
tral axis [101] between front and back portions 
thereof, and wherein the housing comprises: 

35 a plug member [110] having front and back 

ends and a cavity [115] that extends therebe- 
tween, the front portion of the ferrule assembly 
being installed into the back end of the plug 
member and protruding from the front end 
40 thereof, the plug member having a cantilever 

latch [1 1 2] and being adapted to fit into the jack 
connector; 

a jack member [140] having a cavity [145] that 
extends between front and back ends thereof, 
45 the opening being adapted to receive a back 

portion of the ferrule assembly into the front end 
of the jack member, the back end of the jack 
member being adapted to receive the plug con- 
nector; and 

50 the front end of the jack member being inter- 

locked to the back end of the plug member to 
enclose the ferrule assembly. 

2. The adapter [100] of claim 1 wherein the ferrule as- 
55 sembly [1 20] is movable in the axial direction within 

the interlocked plug and jack members [110, 140]. 

3. The adapter [100] of claim 1 wherein the ferrule as- 



30 
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40 
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sembly [120] further includes a structure [150] that 
includes one or more features that cooperate with 
the cavity [115] in the plug member [110] to enable 
the ferrule assembly to have a plurality of stable ax- 
ial positions. 5 

4. The adapter [1 00] of claim 1 wherein the plug mem- 
ber [1 1 0] includes a pair of slots [1 1 3] and the jack 
member [1 40] comprises a pair of mating tabs [1 46], 
which cooperate to interlockthe plug and jack mem- io 
bers. 

5. The adapter [100] of claim 1 wherein the ferrule as- 
sembly [120] further includes a cylindrical sleeve 

[1 30] that surrounds the back portion of the ferrule 1$ 
assembly. 

6. The adapter [100] of claim 1 wherein the ferrule as- 
sembly [1 20] comprises first and second cylindrical 
ferrules [121, 1 22] that are coaxially aligned end-to- 20 
end with an air-gap region [160] therebetween. 

7. The adapter [100] of claim 6 wherein the first and 
second cylindrical ferrules [121, 122] are identical 

to each other. 25 

8. The adapter [100] of claim 6 wherein the first and 
second ferrules [1 21 , 1 22] have end faces [1 26] that 
face each other in the air-gap region [1 60], each end 
face comprising a generally flat surface that forms 30 
an acute angle with respect to its central axis [101]. 

9. The adapter [100] of claim 8 wherein the acute an- 
gle is about 82 degrees. 

35 

10. The adapter [100] of claim 8 further including a ring- 
shaped spacer [170] disposed within the air gap 
[160]. 



40 



45 



50 



55 



7 



EP 0 967 497 A1 



CO 



8 

CO 




8 



EP 0 967 497 A1 




CM 

g 

LL 



EP 0 967 497 A1 




EP 0 967 497 A1 




11 



EP 0 967 497 A1 




^150 



N v v \\\\\\\\ V. V > > \\\\\\\\ \ » * v W Wl" /////,'/// ' 7 ' > /////// / ' ' ' / ' * f * , i Wb 

v % x s ■ - ^ ^ w v v x ' - — ' * ^ * ' ^ * I \. f ( < u i . .f ■ V / ' ' i ■ { i i i t i i J. ' ' i ' ' ' La i i . I 

AW \W ^ ^ WWW\ \ * > v v > WWW xV? k V " ' ""////// ' ' ' " //////// ' ' " 'J 
S v ■ i > i a ■ > SN i . i » > > pl >I ' ' ; ■ g / f j f V / < < < / / 3 " m < ' ' ■ ■ ■ ' ' f ( f < 



160 170 



101 



124 



FIG 6 



rr^\^^^^^^^^:v:\\^^^^^^:Cv:^^v:^^^^^v^^7 V / 
I j.i ' ' ; ; i'i V.NN ir'' mini' ' V "J * 

V l Vinnn'"".iiiVi^ l \V'i'i.iniU"J \ 

123 125 126 



121^ 160^ ^170 122 

FIG 7A ~7b^ 



■9i 



121 



160. 



-170 



^^^^^^^^^ 



122 



3- 



//////////// '//////////// ' 



V//// 1 / 1 '" ''''//////////>■ 

{''Si'//,'.','.'.'/" "'<' f ',' t ' t ',' r ' t " ' ' 



FIG 71 



* r-92 

(90°) 



FIG 7C 



(180°) 



-170 



FIG 8 



12 



EP 0 967 497 A1 




EP 0 967 497 A1 




14 



EP 0 967 497 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4470 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



EP 0 306 243 A (SEIKO INSTR INC) 

3 March 1989 (1989-03-08) 

* figure 1 * 

EP 0 689 069 A (AT & T CORP) 
27 December 1995 (1995-12-27) 

* column 9, line 19 - line 45; figure 6 * 

* column 4, line 9 - line 30; figure 1 * 

PATENT ABSTRACTS OF JAPAN 

vol. 097, no. 008, 

29 August 1997 (1997-08-29) 

& JP 09 090150 A (HONDA TSUSHIN K0GY0 

KK;NIPP0N TELEGR &AMP; TELEPH CORP 

&LT;NTT&GT; ; MI), 

4 April 1997 (1997-04-04) 

* abstract * 

US 5 066 094 A (TAKAHASHI MITSU0) 
19 November 1991 (1991-11-19) 

* column 6, line 38 - line 41; figure 1 * 



1,5-8 



1,5-8 



G02B6/26 
G02B6/38 



1,6-9 



TECHNICAL FIELDS 
SEARCHED {lnt.CI.6) 



G02B 



The present search report has been drawn up for all claims 



Place of 

BERLIN 



Date of completion of the search 

1 September 1999 



Examiner 

Ciarrocca, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or prirtoiple underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the applioation 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



15 



EP 0 967 497 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 4470 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

01-09-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0306243 


A 


08-03-1989 


JP 


1065506 


A 


10-03-1989 








US 


4893889 


A 


16-01-1990 


EP 0689069 


A 


27-12-1995 


us 


5481534 


A 


02-01-1996 








AU 


2178495 


A 


11-01-1996 








CA 


2149681 


A 


25-12-1995 








CN 


1115527 


A 


24-01-1996 








JP 


8327855 


A 


13-12-1996 


JP 09090150 


A 


04-04-1997 


NONE 








US 5066094 


A 


19-11-1991 


JP 
JP 


2633073 
4116604 


B 
A 


23-07-1997 
17-04-1992 



lj For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



16 



